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SUMMARY 
Woi'k presented in this thesis consists of three parts; (i) synthesis 
of 4-phenylcoumarins, (ii) chemical examination of AngeUcaglauca 
Edgw and (iii) chemical examination of Flacourtia sepiaria, which 
can be summarised as follows: 
(i) Synthesis of 4-phenylcouinarins 
4-phenylcoumarins have been synthesised by the interaction 
of phenols with phenylpropiolic acid in polyphosphoric acid in 
presence of thallium triacetate (Scheme-VII) 
.0 
R 0'"^ Tl (OAQj 
[ Scheme-Vll] 
Five 4-phenylcoumarins (VII, X, XIII, XVIII, and XIX) have 
been synthesised utilising this approach. 
0 HO 0 HO 
(VII) (X) (XIII) 
Me Y ^ 0 v^ O 
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0 ^ 0 
(XIX) 
(ii) Chemical examination of Angelica glauca Edgw 
(Umbelliferae) 
Acetone extract of roots of Angelica glauca on chromatography 
over silica gel yielded three coumarins. Structure of one of them 
has been established as 2"-0-acetoxypeucedanin hydrate (XXXVI). 
Rest have been identified as archangelin (XXXI) and oxypeucedanin 
hydrate (XXXII). 
(XXXI) 
OH CH3 
R = -CH2-C-C -OH 
H CH3 
OAc CH3 
R = -CH7-C-C-0H 
H CH3 
(XXXll) (XXXVl) 
(iii) Chemical examination of Flacourtia sepiaria 
(Flacourtiaceae) 
Stems of Flacourtia sepiaria were extracted with petroleum 
ether and methanol. Work up of the petroleum ether extract 
resulted in the isolation of 5,6,7-trimethoxycoumarin (LXVI) and 
f) -sitosterol. 
The methanolic extract on chromatography yielded two 
constituents. One of them was identified as 6-hydroxy-5,7-
dimethoxycoumarin (LXV). Structure of the second constituent, 
a new coumarinolignan, has been established (LXIV). 
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19^^'DUCTIOX. 
INTORDUCTION 
Man used to look to his neighbourhood for t rea tment of ailments 
afflicting him. Gradual accumulation of such data pertaining to the 
medicinal properties of plants led to the development of various 
systems of medicines. Plants which were found to be medicinally 
active were subjected to chemical examination with a view to isolate 
and identify the ingi'edients responsible for their activity. Results of 
such investigations were manifold, prominent of which was study of 
the structure-activity relationship of the isolated ingredients. 
Offshoots of this approach were attempts at the synthesis of natural 
products isolated,and chemical manipulation of the active principles 
in search of compounds of higher efficacy and potency. In elTect, thus, 
study of chemistry of natural products provided a fillip to synthetic 
organic chemistry. Isolation of active principles from plants also 
prompted the chemical examination of botanically related species, 
in search of related drugs, and alternate sources of known ones. Such 
investigations have given rise to the frontier discipline of 
chemotaxonomy. 
India is known for its rich flora, a vast par t of which is yet to 
be investigated. Reasons outlined above and the availability of some 
interesting plants resulted in the work described in this thesis. 
This thesis reports the results obtained on the at tempts made 
to synthesise 4-phenylcoumarins, an important class of natural 
products. In addition constituents of two plants have been examined. 
Angelica glauca Edgw a rich source of coumarins on re-examination 
has yielded a newfurocoumarin apart from two known coumarins. 
A coumarinolignan has been isolated for the first time from a member 
of the family Flacourtiaceae, Flacourtia sepiaria, and its structure 
determined. Several coumarinolignans have been reported to exhibit 
cytotoxic activity. Additionally two coumarins have also been isolated 
from F. sepiaria. 
mscussio^i 
3 
DISCUSSION 
Synthesis of 4-phenylcoiiniarins 
4-phenylcoumarins compose a distinct group of natural products, 
and are classified as 'Neoflavonoids'^ because of the 4-arylchroman 
skeleton (I) that they share withdalbergiones(II),neoflavenes(III), 
dalberpiquinols (IV) and 4-ary]chroin;ms (V). 
0 . ^ n ..<:^^o 
Isolation and strucEiral elucidation of several members belonging 
to this group, as is usual with natural products, kindled interest in 
their synthesis, and results obtained in an attempt in this direction 
forms the subject matter of this chapter. 
As the basic skeleton of 4-phenylcoumarins (VI) consists of 
two phenyl ring and a three carbon unit, the possibility of 
condensation of two units carrying appropriate structural elements 
readily presents itself as a method of synthesis of such compounds. 
Accordingly, the variations which can lead to this system are those 
depicted at 'A 'B' ' C and 'D'. 
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The mode outlined at *A' has been exploited probably to the 
largest extent for synthesis of 4-phenylcoumarins, von-Pechmann 
reaction being the most popular choice in this regard. This reaction 
consists of acid catalysed condensation of phenols with 
appropriately substituted benzoylacetic esters as illustrated in 
[Scheme-I]. 
R 0-OH + RO-^r-^^ 0^^ /CH2 
[Scheme-l ] 
The desired ester can be obtained by treatment ofacetophenones 
with diethyl carbonate in presence of base. Phenolic hydroxyls in the 
ester are usually protected by benzylation. There are conflicting 
reports of complete debenzylation^ and partial debenzylation^ 
having been occurred during condensation of these esters with 
phenols. It has also been claimed that better yields are obtained by the 
use of BFg-EtgO as catalysts Several coumarins have been synthesised 
usingthis approach^'*''''. In a variation of this approach phenols have 
been condensed with benzoylacetonitriles instead of benzoylacetic 
esters*^. In another approach the benzoylacetic ostor componont has 
been replaced by (i-phenylacrylonitrile which is condensed with a 
phenol in presence of ZnCl.^  to yield 4-phenyldihydrocoumarins''. 
Another step therefore had to be invoked in the foiTn of dehydrogenation 
to obtain the title compounds as out lined in [Scheme-II]. Phenols 
have also been condensed with ethyl phenylpropiolate^o-^^ in 
presence of ZnCl2 in one step but the yields reported are low. 
Ov^.O 
- f 
[ Scheme-Il] 
The approach out lined at 'B' is exemplified by the Perkin 
reaction in which o-hydroxybGnzophononGs ai-c reacLGd with acetic 
anhydride in presence of base [Scheme-Ill]. Some of the compounds 
synthesised employing the Perkin reaction are melannein 
derivatives '^" '^^ -^ and dalbergin derivatives^"*. 
•OH 
R 
i f ^ ^ " + CH3-C-O-C-CH3 , 
[Scheme-Ill] 
No compound appears to have boon synthesised utilising the 
approach'C. However the method out lined at 'D' has been more 
recently exploited by three sets of workers. Thus, 4-triflyl derivative 
of preformed coumarins have been coupled with a phenyl ring at the 
4-position employing aryl stannates^'' This reaction is catalysed by 
palladium derivatives. 
In a somewhat parallel approach coupling of the coumarin 
nucleus with the aryl group has utilised another organometallic 
reagent;aryllead triacetate^". In this case, however, activation of the 
carbon involved in the coupling process in the substrate requires a 
hydroxyl to be placed adjacent to it. Thus 3-hydroxycoumarin yielded 
3-hydroxy-4-phenylcoumarin. Removal of the 3-hydroxyl functions 
was achieved by triflation followed by palladium catalysed 
8 
Rf 
reduction with ammonium formate [Scheme-IV]. 
[Scheme-IV] 
Another approach utiHsing the mode'D' has been adopted in a 
multistep synthesis of 4-phenylcoumarins^''. The starting material oc 
carbethoxycinnamate was induced to undergo Michael addition with 
aryl Grignard reagents and then subjected to decarboxylation 
followed by cyclisation to an indanone derivative . Baeyer - Villiger 
oxidation of the indanone followed by dehydrogenation gave the 
4-phenylcoumarins [Scheme-V]. Overall yields of 55-60% have however 
been claimed. 
COOR ArMgX 
COOR 
o 
[ Q r K^i-vN<-» \ / 1 
Previous studies in these laboratories had resulted the 
development of a one pot reaction for the synthesis of flavones, 
consisting in the treatment of phenols with phenylpropiolic acid in 
polyphosphoric acid in presence of sulphuric acid*-". Phenylpropiolic 
acid had earlier been reported to yield 4-phenylcovimarins on 
treatment with phenols". Also ethylphenylpropiolate on reaction 
with phenols in presence of ZnCl^ have yielded 4-phenylcoumarin 
albeit in low yields^". However, in our hands this reaction took a 
different course, resulting predominantly in the formation of 
flavones with concomitant formation of 4-phenylcoumarins (Table-
I) and consequently was reported as a method of preparation of 
flavones. 
Table-1" 
Phenol Products % yield'' at 
Room temp. lOO'C 150"C 
1 hr. 1 hr. 1 hr. 
Catocliol H-iiydroxy- low 
llavono 
Resorcinol 7-hydroxy- low 
flavone 
7-hydroxy- 05 
4-phenylcoumarin 
Ilydroquinol 6-hydroxy- 12 
flavone 
6-hydroxy- low 
4-phenylcoumarin 
Phloro- 5,7-dihydroxy- low 
glucinol flavone 
5,7-dihyroxy- 10 
4-phenylcoumarin 
2C> 
25 
15 
/15 
low 
15 
65 
very low 
(1 
(1 
(1 
t ( 
(( 
it 
10 
a. Results tabulated were obtained when reaction was run in 
presence of polyphosphoric acid and sulphuric acid. 
b. Yields calculated on basis of quantity isolated after 
chromatography. 
Simultaneous formation of flavones and 4-
phenylcoumarins was indicative of the fact that the reactions of 
the phenols was proceeding in two different directions; acylation 
leading to flavones and alkylation to 4-phenylcoumarins [Scheme-
VI]. 
C 
[Scheme-Vl] 
Results reported here arose out of our investigations aimed at 
directing this reaction preferably to alkylation of the aryl nuclevis 
with the objoctivo of prcp.'iration of'1-pluMiylcoumarins. 
When the reaction with the saiiu; roactants; vi/.i)henols and 
11 
phenylpropiolic acid was carried out in poly phosphoric acid in 
presence of thallium triacetate [Tl(OAc),^ l formation of flavone was 
suppressed and the product obtained was mainly the 4-
phenylcoumarin [Scheme-VII]. 
[ Scheme-VII] 
Details of results obtained are as follows: 
Reaction between resorcinol and phenylpropiolic acid 
Resorcinol (.01 M) was mixed with phenylpropiolic acid(O.OlM) 
in sufficient quantity ofPPA to give a thin paste and to it was added 
Tl(OAc)3(0,01M), the mixture heated on a waterbath for the required 
duration, followed by refluxion in McOI T. The product was isolated by 
addition of the solution to water followed by filtration. The isolated 
product mp 240°C absorbed in the UV at 238 and 333 nm in 
correspondence with the reported absorption for ^-phenylcouniarins'. 
In the IR spectrum bands were present at 1685 and 3150cm^ 
indicative of coumarin Inctono and hydroxyl moic'lit^s. 
12 
In the NMR spectrum (Fig.I) the compound (VII) a singlet 
characteristic of H-3 of 4-phenylcoumarin appears at 6.07. Signals 
representing three aromatic protons appear at 7.26, 6.81 and 6.70. 
Former of these which appears as a doublet(J=8IIz) can be assigned 
to H-5. The signal centred at 6.70, showing both ortho andmeta 
coupling (Ji =8Hz and Jx=2.5Hz) should arise out of H-6 and the 
signal at 6,81, which shows only meta coupling can be assigned to H-
8.Abroad signal arising out of five aromatic protons appearsat 7.5. 
Thus all the hydrogens in the structure of 7-hydroxy-4-
plK^nylcouinarin (VII j are accounted lor in a satisfactory manner. 
VII on acetylation gave an acetate(VIII) mp 124^'C. The IR 
spectrum of (VIII) indicates total acetylation by absence of 
absorption in the hydroxyl region. Further, two bands appear in the 
carbonyl region at 1730 and 1765cm\ latter of which can be 
attributed to a phenolic acetate. Signals arising out of H-6 and H-
8 at 6.7 and 6.81 in the NMR spectrum of(VII) have been expectedly 
deshielded and appear at 7.01(dd^J^=8and J.^=2.5 Hz) and 7.24 (d, 
J=2.5Hz) respectively in the NMR spectrum of (VIII) (Fig.II). 
Signals attributable to H-5 appears as an oj-tho coupled doublet at 
7.53 deshielded with respect to H-5 in (VII) and H-3 as a singlet at 
6.37. 
VII on methylation gave a methyl ether(IX), mp 111"C, 
characterisable on basis of the following signals in its NMR 
spectrum; 3.83(311,s,-OMe),6.18(111,s, II-3), 6.75(111,dd,J=2.5 and 
8Hz, H-6), 6.83(1H, d, J=2.5, H-8), 7.33 (IH, d, J=8Hz, H-5) and 
7.45(5H, s,Ar-H). 
Physical constants and spectral data of (VII),(VIII) and (IX) are 
compatible with the data reported in the literature for 
T/ie chcniircil ahiftn lira recorded in tculties. 
13 
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7-hydroxy-4-phenylcoumarin''^'^^. The yield of 85% obtained in this 
reaction, is much higher than those reported earlier which are of the 
order of 55% .^ 
Ov^O 
VII 
VllI 
IX 
H 
-COCH3 
-CH3 
Reaction between phloroglueinol and phenylpropiolic acid 
This reaction was conducted in presence of Tl(OAc).^  under 
conditions defined above and was expected to yield 5,7-dihydroxy-4-
phenylcoumarin [Scheme-VIII]. 
HO 
0<^^^0H 
I 
TUOAc)^ 0^.0 
X 
[Scheme-VIll] 
16 
X mp 232°C, absorbed in the UV at 262 and 334 nm^ Its IR 
spectrum supported the formulation of this compound as (X) by 
absorption in carbonyl region at 1685cnr' and in the hydroxyl region 
at 3150cm^ The NMR spectrum of(X)(Fig.III) also supported the 
structure postulated in that, that the ubiquitous H-3 appeared on a 
sharp singlet at 5.76. Additionaly two meta coupled protons appeared 
at 6.23 and 6.33(d, J=2.5 Hz) and a 5TT broad singlet characteristic 
of the phenyl ringon C-4 at 7.33. Chemical intuition was tempting to 
assign the signal at 6.23 to H-6 and the one at 6.33 to H-8. 
X formed a diacetate (Xl)mp 181°C on acetylation whose IR 
spectra was devoid of absorption in the hydroxyl region. In the 
carbonyl region bands were evident at 1765cm'', characteristic of 
phenolic acetate and at 1740cm"" roprcsontative of the coumarins 
carbonyl. The NMR spectrum of (XI) (Fig.IV) exhibited signals 
characteristic of H-3 at 6.2(s) and H-6 and H-8 at 6.76 and 7.1(1H 
each, d, J=2 .5Hz)andthe protons ofthe phenyl group appendage at 
C-4 at 7.4 (5H, m). All the A ring protons in (XI) were deshielded 
on acetylation in relation to (X). One of the two acetate functions was 
however strongly shielded and appeared at 1.30 in contrast to the 
other which appeared at expected value of 2.3. 
XII obtained on methylation of (X) can be formulated as the 
dimethyle therof (X) onbasisof i tsNMR spectrum , 6.0(111, s, II-3), 
6.23,6.53(1H each, d, J =2.5Hz, H-6 & H-8) and 7.3 (5H, brs, Ar-H). As 
was observed in the spectrum of (XI) protons of one of the methoxyl 
functions appeared abnormally shielded at 3.4(3T-I,_s) whoroas the 
3H signal arising out ofthe other methoxyl function appeared at the 
expected value of 3.84 as singlets. Those anomaUcs arc taken up 
later for explanation. Physical properties and spectral characteristics 
17 
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of (X) which was obtained in 75% yield are in agreement with those 
reported earUer'. 
X! -COCH3 
XII -CH3 
Reaction between orclnol and phenylpropiolic acid 
It was thought desirable to examine the feasibility of prepara-
tion of methyl subatiLuted coumuriiis employing this method and 
hence orcinol was condensed with phenylpropiolic acid under condi-
tions described earlier. Work up of the reaction mixture gave a 
product (XIII) which could be identified as 7-hydroxy-5-methyl-4-
phenylcoumarin. 
XIII absorbed in the UV at 232 and 324 nm in line with the 
absorptions characteristic of 4-phenylcoumarin'^. In the IR it 
absorbed at 3160 and 1680cm-^ showing the presence of hydroxyl and 
carbonyl functions. In addition a band at 1440cm"^ is suggestive of 
the presence of a C-methyl group. 
The NMR spectrum (Fig.V) of (XIJI) was most informative with 
regard to its structure. Thus the characteristic H-3 appeared as a 
singlet at 5.86 and two meta coupled aromatic protons at 6.48 and 
6.61(1H each, d, J=2.5Hz) which could be assigned to H-8 and H-6 or 
vice versa. The methyl protons signal appeared as a singlet at 
20 
1.70,considerably shielded in relation to aryl methyls which 
normally appear in the neighbourhood of 2.5. Aryl protons of the C-
4 phenyl groups, grouped together, appeared as a broad 5H signal 
a t 7.33. Thus (XIII) could be represented as A or B. 
O v ^ O 
The acetate mp 158°C(XIV) formed on acetylation of (XIII) 
exhibited two bands at 1730 and 1765cm-^ in thecarbonyl region of 
the m spectrum, the latter of which should arise of a phenolic acetate 
function. The fact it was a mono acetate was apparent from the fact 
tha t only one acetate methyl signal appeared at 2.28 in its NMR 
spectrum (Fig.VI). It may be recalled that in case of (VIII) which 
carries only one acetate function at C-7 the acetate signal appeared 
at 2.33, whereas in (XI) which carries two acetate functions, one 
of the acetate methyls resonated at 1.30. A similar effect was 
observed in case of the methyl ethers (IX) and (XII) also. Hence it 
could be concluded that the C-5 substituent is shielded with respect 
the C-7 subst i tuent . As the acetate function in (XIII) appears at the 
expected value of 2.28 and can not be considered shielded,by 
analogy, it has to be located at C-7. This argument is substantiated 
by the fact that the aryl methyl signal in the acetate (XIV) is 
substantially shielded and appears in the NMR spectrum (Fig. VI) 
a t 1.80. The corresponding signal in (XIII) was also shielded. It has 
therefore to be inferred that the methyl group is located at C-5. Thus 
A emerges as the structure representative of (XIII). Out of the two 
21 
meta coupled IH signals in the NMR spectrum of (XIII), the more 
shielded one should arise out of the proton flanked by two oxygens 
and hencethe signal at 6.48 can be attributed to H-8 and the one at 
6.61 to H-6. Similar signals in the spectrum of (XIV)(Fig.VI) 
appeared at 6.80 and 7.1 (IH each, _d, J=2.5Hz) and the H-3 proton 
at 6.2. Methylation of (XIII) gave a monomethyl ether mp 128°C(XV) 
which can be characterised on the basis of its NMR spectrum,signals 
in which can be assigned as follows: 1.76 (3H, s,Ar-Me), 3.8 (3H, 
s,-OMe),6.07(lH, _s, H-3), 6.6 ,6.78(1H each, d, J=2.5Hz, Ii-8 and H-
6) and 7.36 (5H, jn , Ar-H). 
RO-^'^lP^^^^O^^O 
R 
XIII H 
XIV -COCH3 
XV -CH3 
(XIII) had earlier been prepared^" in an yield of 30% and in this 
instance it has been obtained in 60% yield. 
Surprisingly though, the reaction of orcinol with phenyl-
propiolic acid in tho nbRonco orTKOAr),^ yioldod (XTTT) nnd its 
regioisomer,' 7-methyl-5-hydroxy-4-phenylcoumarin^i (XVI) instead 
of the expected flavones. 
Ov/^0 
R 
XVI H 
XVII -COCH3 
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Structure of (XVI) mp 210°, is derivable from spectral data; 
UV236,300 and 329 nm, IR3100 and 1685cm\ and NMRspectrum 
in which the meta coupled IH doublets appear a t 6.54,6.72 (IH each, 
d, J=2.5Hz), H-3a t6 .04 (IH, s) and aryl methyl at 2.32. Location 
of the hydroxy 1 on C-5 is inferrable from the high value of 1.3 a t which 
the acetate methyl resonates in (XVII). Non formation of flavones 
under these conditions and formation of only (XIII) in presence of 
Tl(0Ac)3 defy explanation, and rationalisation may require parallel 
studies on similar systems. 
Reaction between 3,4-dlmethylphenol and phenylpropiolic acid 
From the reaction between 3,4-dimethylphenol and phenylpropiolic 
acid in presence of Tl(0Ac)3 in PPA, a solid mp 148"C (XVIII) could be 
isolated. It absorbs in the UV at 288 and 324 nm. A band at 171 Gem' in the 
IR spectrum of (XVIII) is indicative of the presence ofcoumarinic carbonyl 
function. In the NMR spectrum of (XVIIl)(Fig.VIl) two sharp singlets 
integrating for three protons each and appearing at 2.25 and 2.35 can be 
assigned to aromatic methyls. Further, out of the three singlets integrating for 
one proton each the most shielded signal appearing at 6.31 can be assigned 
to H-3 of thecoumarin system. Rest of the two singlets appearing at 7.22 
and 7.30 should arise out of the protons located at para positions to one another 
and hence can be assigned to H-8 and H-5 respectively. A 5H broad signal is 
also apparent at 7.52. These data lead to the formulation of (XVIII) as 6,7-
dimethyl-4-phenylcoumarin. It was isolated in an yield of 45%. 
0-^0 
XVIII 
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Reaction between 4-hexylresorcinol and phenylpropiolic acid 
Reaction between 4-hexylresorcinol and phenylpropiolic acid con-
ducted under similar conditions as above resulted in the isolation of a product 
mp 192°C (XIX). It absorbs in the IR at 3200 and 1710cm' indicative of the 
presence of hydroxyl and coumarinic carbonyl functions. In the NMR 
spectrum (Fig.VIII) the 11-3 signal of llie coumnriiiic ring could be located at 
6.07 as a singlet. Two other aromatic singlets at 6.90 and 7.1 should arise out 
of the protons located at positions para to one another and hence can be 
assigned to Ii-8 and li-5 respectively in the expected structure. Signals 
representative of the hexyl appendage are evident upfield to the above signals. 
The terminal methyl appears as a 311 triplet at 0.88 and the bcnzylic methylene 
at 2.6 again as a triplet. Eight methylene protons together appear as a broad 
signal centred at 1.35. The most deshielded 5H signal appering at 7.46 can 
ofcourse be attributed to the 4-phenyl group. Thus the expected structure of 
6-hexyl-7-hydroxy-4-phenyIcoumarin can be assigned to (XIX) which was 
obtained in 60% yield. 
0^0 R. 
XIX H 
XX -COCH3 
NMR spectra (Fig.IX) of acetate mp 152°C (XX) obtained on acetylation 
of(XIX)subtantiated the above formulation. The methyl signal appears at 0.9 
as a triplet, and the methylene envelope centred at 1.35 accounts for eight such 
protons. The benzylic methylene signal is overlapped by the aryl acetate which 
appears at 2.4. These two signals together integrate for five protons. 
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Downfield/the singlet at 6.3 can be assigned to H-3 and those at 7.16 and 7.35 
to H-8 and H-5 respectively. The latter two protons areexpectedly deshielded 
on acetylation. Results of the reactions discussed above are tabulated in (Table-
II): 
Table - II 
Phenol 
Resorcinoi 
Phloroglucinol 
Orcinol 
3,4-tlimefhyiphenol 
4-hexylresorcinol 
Product 
7-hydroxy-4-phenylcouin;\iiii 
5,7-dihydroxy-4-phenylcoiiiiiiiiin 
5-methyl-7-hydroxy-4-phenylcoumarin 
6,7-climethyl-4-phenylcoiiin;iiin 
6-hexyi-7-hydroxy-
4-phenylcoumarin 
Yeild (%) 
at lOfrC 
K5 
75 
55 
45 
60 
Mechanism of the reaction 
In the PPA mediated reaction between phenols and 
phenylpropiolic acid inherent competition exists between cycliacyla-
tion and cyclialkylation processes, leading to flavones and coumar-
ins respectively. In the acylation one of the three alternative 
mechanisms can be imagined to be operative, as outlined below. 
In one of these [Scheme - IX] Michael type of addition of phenols 
can be assumed to take place to the alkynic bond followed by cyclia-
cylation induced by PPA. 
[Scheme- IX l 
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In the alternative [Scheme-X] the acyHum cation generated 
from phenylpropiohc acid can acylate anortho carbon in the phenol 
in the normal Friedel-Crafts fashion. The chalcone analogue thus 
formed can undergo cyclisation by nucleophilic addition of the 
hydroxyl to the alkynic bond which is in conjugation with the 
carbonyl group. However, the cyclisation step will be hampered to some 
extent by the unfavourable stereochemistry of the chalcone analogue arising 
out of the linear character of -C=C- bond. 
n^c=c-
[Scheme-X] 
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In the last of these probabihties (Scheme-XI) the same chalcone ana-
logue canbe visualised as being formed by Fries rearrangement of the ester 
formed by the phenol. Cyclisation of this intermediate can, of course, lead 
to the flavone. 
R 
& " ^ > - - ^ 
[Scheme-XII 
It would be possible to divert the acylation process towards alkylation 
by generation of a vinyl cation in preference to the acylium cation and it was 
XXII 0 
[Scheme-XII] 
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with this objective in view that thallium triacetate was introduced into the 
reaction mixture. TP^, more commonly used in the form of acetate, nitrate or 
triflouroacetate has been reported to interact with alkenes generating a cation 
which following attack by a nucleophile can undergo a rearrangement. This is 
exemplified by transformation of chalcones(XXI) to isoflavones 
(XXII)^-(Scheme-XII). In this reaction dethallation is synchronous with 
the rearrangement, thallium being expelled as Tr^ . 
Similarly in the interaction between alkynes and Tl*^ ^ generation of a 
vinyl cation can be envisaged and in fact such an intermediate has been 
postulated in the hydration^^ and oxidation of alkynes^^ Formation of 
enamines by addition of aromatic amines lo phenylacetylene under catalysis 
by Tl(0Ac)3 also has been assumed to proceed in a similar manner-\ This 
surmise stands validated by the isolation of cyclic acctoxythallation 
adducts (XXIII) in the 'W^ mediated conversion of acetylenes to carbonyl 
compounds-^-''. 
OAc 
I 
TTA Rx / \ /R R-C=C-H - f ^ C=C C=C^  MeOH / \ / y.. 
OAc \ / OAc 
Tl 
OAc 
R-C-CH3 XXIII 
0 
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Further, in another study on acetoxythallation of acetylenes 
acetoxyvinyl thallium adducts (XXlll)have been isolated-^. It was also 
conclusively established on the basis of NMR data that the stereochemistry of 
addition is trans. Alternatively it has been reported dial in the case of 
dimethylacetylene, acetoxythallation is non specific; both cis and trans adducts 
having been isolated-",though in the same study diethylacetylene was reported 
to undergo trans addition. Apparently the stereochemistry of addition is subject 
to structural parameters; electronic or steric. Formation of two regiomeric 
acetoxyvinyl TV^ adducts (XXIV) and (XXV) reveal that both the possible 
vinyl cations are being formed on the interaction of acetylenes withTI(OAc)^. 
XXIV 
- XXV 
^Tl(0Ac)2 
Keeping these reportsin view, it was assumed that treatment of 
phenylpropiolic acid with Tl(OAc)3 can generate either of the cations 
(XXVI) or (XXVII). Of (XXVII) is less likely to be formed in view of the 
^ ' -
C-COOH HOOC-C = C 
Tl(0Ac)2 
I (OAc )2 
XXVI XXVII 
3A 
location of positive charge on a carbon adjacent to- the carboxyl function. 
Additionally (XXVI) will be stabilized by the aryl group. Thus ihe vinyl cation 
(XXVI) can be predicted to be formed, preferentially. This cation will then tend 
to alkylate rather than acylate the phenol, and the resultant can then lactonise 
smoothly resulting in facile formation of the 4-phenylcoumarin system (XXVIII) 
[Scheme-XIII]. 
COOH O^D 
Tl(0Ac)2 
[ Scheme-Xlll] XXVIll 
Conversion of (XXVIII) into 4-phenylcoumarin should involve a 
protodethallation sequence which also requires explanation. In the thallium 
mediated rearrangement of chalcones to isoflavones theTl moiety is expelled 
as Tr ' as a sequel to nuclcophilic attack by the migrating group--. 
Alternatively hydrodethallation can be achieved by reduction of the thallium 
adduct with metal hydrides though not always successfully. Acetoxythallates 
derived from defines on reduction with NaBH,-^ '^^ " under neutral conditions 
and with LiAlH^^'have been reported to yield the parent^ftJefines. Treatment 
with NaBH^ under alkaline conditions, however, results in the formation of a 
mixture of the parent olefine, alkylethers and alcohols and in some cases 
dialkylthallium compouiids. Where successful, Ihe hydrogen has been 
reported to be derived from a protic solvent-'"-'-. Oxythallates undergo facile 
hydrodethallation on treatment with NaBH^-''. However, what was more 
interesting and of applicability in this instance was the facile protodethallation 
which occurs on the treatment of the adduct with acetic acid. Taking into 
account the fact that the reaction under discussidn is coiuhicled in 
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polyphosphoric acid it was assumed that a similar dethallation could operate 
in this case as well, and work up of the reaction mixtures indeed provided the 
expected 4-phenylcoumarins. In view of case of handling and procedural 
convenience the reaction mixture after minimal healing was diluted with 
methanol and the solution refluxed. 
Uemera et_a]-'' had postulated this protodethallation to proceed through 
a cyclic trasition state involving aproton transfer from acetic acid pictured 
to yield (XXIX). 
CH 
'3 ^ ry R-H + Tl(0Ac)3 
XXIX 
A similar six membered transition state can be conveniently invoked 
to explain the protodethallation in this instance involving the transfer of a 
proton from polyphosphoric acid to the substrate, the thallium being expelled 
without any change in the valency state. 
0-^.0 
Tl (0Ac)2 
I 0 
0-!?-(OP02U II 
0 
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The overall mechanism of the reaction can therefore be projected as 
below (Scheme-XIV). 
{ ^ Q y - C^ C -COOH ^ Tl 
^ (0Ac)2 
\ OAc 
<|O/-?"=C-C00H 
Ti(0Ac)2 
R 
0:" COOH C-Tl(0Ac)2 OH COOH ®C 
0>^^0 
0 
Tl{0Ac)2 
rTI(0Ac)2 
o\" . 
0 
TI{0Ac)2 
+ Tl(0Ac)2 
o-p-o-to-)w 
0 
[Scheme -XIV] 
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Considering thai "IT* and Ilg'- arc isoclcclrt)nicoxidi/ingagents and 
that mercuric acetate, in particular, is a reagent of choice for hydration of 
alkynes, the reaction was conducted in presence of mercuric acetate instead 
of thallium triacetate. Work up of the reaction indicated that while the 
formation of flavones was totally suppressed, the 4-phenylcoumarin was 
obtained in much lesser yield with concomitant formation of insoluble solids 
in substantial quantity. This can be attributed, possibly, to the much faster 
reactions of aromatics with mercuricacelate and the propensity of aromatics 
to undergo polymercuration". The tendency of the phenol to interact with 
mercuric^cetate thus can divert one of the reactants and result in the consump-
tion of the catalyst. 
Scope of the reaction 
In comparison to the earlier methods of preparation of 4-phen-
ylcoumarin, the method being reported gives higher yields. The 
s tar t ing materials, especially phenols, are of easy availability and 
can be used directly; no protection being required. Procedurally this 
is a very simple one step reaction with minimal time requirement. 
The product crystallises out from the crude reaction mixture in a 
pure state and it is not normally necessary to resort to 
chromatography. This method however, suffers from the limitation 
tha t para and g-dihydricphenols cannot be utilized as starting 
materials because of their tendency to be oxidised to the 
corresponding quinones^^i. The development of this reaction into a 
general method of wide appHcability requires further studies 
employing substituted phenylpropiolic acids. However, it can be 
tentatively concluded on the basis of the reported data, tha t this 
reaction has the potential of developing into a method of synthesis 4-
phenylcoumarins in high yields. 
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Angelica glauca Edgw 
Angelica glauca Edgw is a member of Umbelliferae family found 
in higher region of Kashmir and has been attributed with several 
medicinal properties.•'''The roots of this plant are used for flavour-
ing purpose and are reported to possess stimulant, expectorant and 
dysphoretic properties. The essential oil of Angelica is one of the 
higher prized oils and is employed chiefly in high grade liqueurs of the 
French type such as benedictine and chartreuse blends. The oil is also 
used in high grade perfumes to which it imparts peculiar musk like 
note. 
Earlier investigations of seeds and roots of this plant have re-
sulted in the isolation of several furocoumarins" '^^  and the bislactone, 
angelicolide"^", apart from non-coumarinic lactones'" Material used 
in this investigation was collected from the higher reaches of 
Kashmir, its natural habitat, and was identified at the Department 
of Botany, University of Kashmir, Srinagar. Root pieces (4 kg) were 
dried in air, shredded and extracted successively with petroleum 
ether (60-80°) and acetone. The acetone extract was concentrated to 
a gummy mass and chromatographed on a column of silica gel, 
elution of which by benzene-ethyl acetate mixtures of increasing 
polarity yielded three pure compounds labelled as AG-I, AG-II and 
AG-III respectively. 
AG-I 
It was eluted from the column with benzene-ethyl acetate 
(90:10) and crystallised from petrol-acetone as a white solid mp 124-
125°C. NMR characteristics of AG-I suggested it to be a furo-
coumarin by appearance of typical coumarinic doublets at 6.21 and 
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8.03 (J = 9.5Hz) and furanoidoC and P proton s i s a l s at 7.66 and 6.9 
(d, J = 2Hz}. As only one additional aromatic signal is apparent at 7.11 
as a singlet in the NMR spectrum an appendage should be present 
on the coumarin nucleus out of which cmunules signals appearing 
upfield at 0.92 (6H, s); 1.4(2H, complex t); 1.7(3H, brs); 1.83 (2H, brs); 
2.26(2H, hrin); 4.9 (2H, a). 
The M* appears at m/z 338 in the MS, corresponding to the 
molecular formula C j^HggO .^ On the basis of the above data AG-I has 
been identified as archangelin, earlier isolated from Angelica 
archangelica L "^. The structure (XXX) originally assigned to 
archangelin by Chatterjee et a_P". was revised to (XXXI) by Bates et 
al-^ ^ 
Ov^^O 
i-CH,-<J_)< 
XXX XXXI 
AG-II 
AG-II, was eluted from the column with benzene-ethyl acetate 
(80:20) and crystallised from acetone-benzene as while crystals mp 
131-132°C. Presence of a prominent band in its IR spectrum at 
1710cm-^ and the ubiquitous coumarinic signals in the NMR 
AO 
spectrum at 6.32(1H, d, J=9.8Hz) and 8.36(1H, d, J=9.8Hz) 
indicated it to be a coumarin. It was evident from the MS in which 
the M"" appeared at m/z 304, corresponding to the molecular 
composition C^ ^H^^ Og, that the coumarin nucleus carried additional 
substituents. Of these, presence of hydroxyl function/functions can 
be inferred from the IR spectrum by the presence of a band at 3495 
cm"^  and a furan moiety from the NMR spectrum by appearance of 
signals at 7.29(1H, d, J=2.2Hz) and 7.99(1H, d, J=2.2Hz). Absorp-
tions in the UV spectrum at 222, 249, 258, 268 and 310 nm further 
indicated it to be a 5-oxygenated linear furocoumarin •'"\ especially in 
the appearance of maxima at 249 and 268nm paralleling those of 
archangelin-^". A signal appearing at 7.32 in the aromatic region has 
to be assigned to H-8 in view of long distance coupling involved with 
H-4. Hence the additional substituent, in the form of a C-5 unit, is 
located on C-5. Signals upfield to 6, emanating out of this unit and 
appearing at 1.08(3H,s), 1.15(3H, s), 4.72(1H, dd, J = 9.9 & 2.3Hz), 
4.25(1H, dd, J = 9.9 & 8.2Hz), 3.61(111, ddd, J = 8.2, 2.3 & 5.7Hz) and 
5.18(1H, d, J = 5.7 Hz -OH) lead to the formulation of this coumarin 
as oxypeucedanin hydrate''^ (XXXII). 
yf OH /^^3 
0 - C - C ~ C — O H 
2 I 3 I 4 \ 
H H 5"^  ^3 
XXXII 
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This conclusion is validated by the decoupled -^^ CNMR spec-
trum of AG-II which carries 16 signals (Table-Ill), assignments of 
which have been made on data reported for compounds of similar 
structures'"^'''-\ 
AG-III 
AG-III was also eluted from the column with benzene- ethyl 
acetate (80:20) and crytallised from acetone-petrol, mp 141-142°C. 
AG-III was soluble in aqueous base and from which it could be 
regenerated. It fluoresced yellow in UV light'''. It could thus inferred 
to be a furocoumarin. This conclusion gathers support from spectral 
data; IR, NMR and UV:a prominent band in the carbonyl region at 
1720cm\ and signals corresponding to the coumarinic protons H-3 
andH-4at 6.03(1H, d,J=9.5Hz) and8.05 (IH, d, J=9.5Hz) andfuran 
P<andB protons at 7.58(lH,d, J=2.2Hz) and7.36(lH,d, J=2.2Hz). Its 
UV spectrum, ^max 220, 250, 258, 268 and 310 nm which is almost 
superimposableonthose ofoxypeucedanin hydrate''^ and oxypeuce-
danin''^ further suggested AG-III to have a 5-oxygenated linear 
furocoumarin structure. 
The molecular ion of AG-III appeared in its MS at 346 corre-
sponding to the molecular formula of C^ gH^ j^ G^ . It was evident, 
therefore, that the furocoumarin system carries at least one further 
substituent, . In the NMR spectrum of AG-III (Fig.X) a IH signal 
appears in the aromatic region at 7.03. This signal exhibits long 
distance coupling (Wy,^= 2Hz) with H-4'"''. This signal hence can be 
assigned to H-8 confirming that additional substituent is located on 
C-5. AG-III, therefore, should have the partial structure (XXXIII), 
R being the additional substituent. By collating mass spectral data in 
which M* appears at 346 (Fig.XI) and the molecular mass, 201, of 
the 5-hydroxy linear furocoumarin unit (XXXIII) it is evident that 
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XXXIII 
the substituent R should correspond to 145 amu. The structure of 
this unit can be derived from the signals in the NMR spectrum of AG-
III appearing in the higher field region. 
The spectrum shows signals corresponding to two C-methyls 
and one acetate methyl at 1.30, 1.40 and 1.92 respectively. The C-
methyl signals are slightly deshielded in comparison with alkyl 
methyls i.e. 0.9 and this shift can be attributed to R-oxygen. These 
signals appear as singlets and hence the B-carbon should be devoid 
of hydrogens. The acetate methyl signal which appears at 1.92 should 
be aliphatic in character. Rest of the signals appear as a three spin 
ABX system. The AB part appears upfield at 4.60(1H, dd, J=8 & 
10.5Hz) and 4.95(lH,dd, J=3& 10.5Hz). The X part of this system 
appears further downfield at 5.55(J=3 & 8 Hz).Considering that 
five carbons have already been accounted for in the form of two C-
methyls, one B-carbon and an acetate function, this ABX system 
should be associated with only two carbons and therefore the 
distribution of three protons of the ABX system should consist one 
methylene and one methine group. Tentatively the structure 
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(XXXIV) can thus account for these sij^als. Understandably the two 
hydrogen on C-2" have to be non equivalent as it is neighboured by the 
chiral C-3" and therefore should appear as an AB system. The 
relatively deshielded value of 5,5 for the X proton can be accounted 
for by the presence of the acetate funtion on C-3". The chemical shift 
and the contour of these signals, therefore justifies the formulation 
of the unit as (XXXIV). 
0 V^O r^ ' 
R =-C- 'C- 'C-OH 
O - R I I s-l 
HA OAC CH3 
XXXIV 
This unitbearsstrikingthe resemblance to the five carbon unit 
present in oxypeucedanin hydrate (XXXV). However in the oxypeuce-
HB HX CH3 
I I I 
R=^"C-^"C-''C—OH 
I I I 
HA OH CH3 
XXXV 
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danin hydrate the C-3" H appears at 3.61 as an eight line signal 
because of additional coupling involved with the hydroxyl proton in 
the spectrum run inDMSO-dg. The downfield shift of the correspond-
ing proton and its simpler pattern in (XXXIV) can thus be attributed 
to the acetylation of the 3" hydroxyl. This formulation gathers 
further support from the appearance of a band at 1740 and 1250 cm"^  
in the IR spectrum of AG-III. It can therefore formulated as (XXXVI). 
H H 5"CH3 
0-^"C-^"C-'C-OH 
' I \ 
H 0 5"CH3 
^^^V ' O-C-CH3 
The decoupled '^'CNMR spectrum which shows 18 signals is in 
total agreement with the structure assigned for AG-III. The resem-
blance of the spectrum with that of oxypeucedanin hydrate is 
expectedly remarkable (Table-Ill) and the two addditional peaks 
arising out of the acetate functions in AG-III apppear at 20.52 and 
167.36. 
A7 
(Table-Ill) 
•'CNMR Chemical shifts of AG-lI(DMSO-cy&AG-IlI(CDCI,) 
Carbon Compound II Compound III 
2 
3 
4 
5 
6 
7 
8 
4a 
8a 
2' 
3' 
1" 
2" 
3" 
4" 
5" 
O-CO-CH3 
O-CO-CH3 
161.72 
112.26 
140.87 
149.42 
113.94 
157.99 
93.73 
107.05 
152.24 
146.22 
105.70 
71.67 
76.77 
74.32 
24.70 
27.30 
161.24 
112.47 
139.51 
148.45 
113.00 
158.09 
93.95 
107.00 
152.45 
145.04 
104.89 
71.30 
77.15 
75.57 
25.24 
26.*)2 
167.36 
20.52 
Assignment of the signals agree with those reported for similar 
compounds''^'*^. 
The mass spectrum (Fig.XI) is compatible with the structure 
formulated (XXXVI). The M* appears at m/z 346 (Cj„Hj„0,) which 
loses the side chain in three modes leading to fragments at m/z 
201,202 and 186. These ions variously lose CO and lead to daughter ions. 
The fragment ions at m/z 85 and 59 can be assumed to originate from 
the side chain. The over all fragmentation pattern as pictured in 
(Scheme-XV) is in agreement with well charted out route for furo-
coumarins'*". Final confirmation of this structure for AG-III could be 
had from the fact that acetylation of AG-II with acetic anhydride and 
pyridine gave an acetate identical with AG-IIT (mp, mmp, and 
coTLC). 
AtJ 
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[Scheme -XV] 
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Flacoiirtia Sepiaria Roxb. 
Flacourtia, a par t of the family Flacourtiaceae, is a small genus 
ofshrubs or trees, often spinous, distributed throughout the warmer 
par ts of Africa and Asia. Eight species of Flacourtia are recorded in 
India'*''. Their fruits are appetising and digestive. Dried leaves are 
useful in asthma, bronchitis and catacrh of thebladdor. Thol^ark is 
considered astringent and diuretic. Infusion of the leaves and roots 
of Flacourtia sepiaria is an antidote to snake hite^", Bark 1 rituratod 
in sesamum oil is a useful liniment in gout and rheumatism. 
Medicinal properties attributed to Flacourtia sepiaria'" and 
the interesting fact of chemotaxonomic significance thatlimonoids, 
have been found to occur in this genus prompted this investigation^'. 
Previous work on this genus had resulted in the isolation of 
ostruthin, limonin and jangomolidofrom Flacoin-tia jnn}v>nins''", and 
Ilacourtin from Flacourtia indica''". 
The plant material was collected from the campus of the Forest 
Research Institute, DehraDun. Thin branches, the par t procured, 
were cut into small pieces, dried and extracted successively with 
petroleum ether (60 - 80°) and methanol. 
Concentrate of the methanolic extract yielded no solid on 
chilling and hence was chromatographed on a column of silica gel. 
The column was eluted with benzene containing increasing quantity 
ofethyl acetate. Fractions collected were continuously monitored by 
TLC and appropriate fractions combined for further processing. 
Work up of the benzene-ethyl acetate (3:2) eluates yielded a solid 
termed FS-2. 
50 
FS-2 
FS-2 was crystallised from methanol as colourless crystals 
mp 250 -252°C. Solubility characteristics indicated it to be fairly 
polar in character. It was insoluble in water as well as in aqueous 
bicarbonate but was found to dissolve in aqueous sodium hydroxide 
from which it could be regenerated on acidification, unchanged. It 
thus appeared to be either a phenol or a lactone. The alkaline solution 
was yellow in colour reinforcing the above conclusion and 
suggesting further that FS-2 is probably a coumarin^\ The latter 
surmise derived further support from the fact that FS-2 exhibited a 
characteristic blue fluorescence in UV light^^ 
The UV spectra of coumarins are not as characteristic or 
distinctive as those of Y-pyrones, but are typified by high intensity 
absorptions at the high wave length end of the spectra^^ FS-2 
absorbed in the UV at 240 and 320 nm (Fig. XII). The IR spectrum 
(Fig. XIII) also supported the formulation of FS-2 as a coumarin by 
the appearance of a strong band at 1720 cm^ ^ in the carbonyl region^^ 
Relatively small size of the coumarin molecule, fewer number 
of hydrogens they carry and the availability of vast data in the 
literature as the result of systematic studies on magnetic resonance 
of spectra of coumarins have made NMR spectroscopy the most 
popular and powerful technique to be employed in structural elucidation 
of these compounds. Very often examination of the NMR spectra of the 
parent coumarin and its derivatives alone is sufficient to identify or 
assign a structure to it. Diagnostic features which stand out in the 
NMR spectra of coumarins unsubstitued in ring A arise out of H-3 and 
H-4. They appear as a typical AB pair of doublets; the former between 
6.1-6.4 and the latter between 7.5-8.3^''. The NMR spectrum of FS-
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2 (Fig. XIV) expectedly showed it to be a coumarin by appearance of 
the typical coumarinic doublets at 6.25 and 7.96 (J= 9.6Hz). Apart 
from the chemical evidence adduced above, the IR and UV data 
totally discounted the possibility of FS-2 being a chromone which 
could not have been ignored on the NMR data alone. Had FS-2 been 
a chromone, it should have absorbed in the carbonyl region^ '^ ^ at 1680 
cm'^ 
FS-2 hnvlng thuH boon concluded to huvo u coumarin nucleus, 
further stages involved in the elucidation of its structure were the 
identification and location of the substituents present on this 
nucleus. NMR data was helpful in this context as well but in the 
highfield region the NMR spectrum of the parent compound was not 
much informative as some signals were obscured by the water 
envelope of DMSO-d ,^. It was hence, acetylated using acetic anhydride 
and pyridine in the usual manner. The acetate, termed FSA-2, was 
crystallised from methanol as shining needles mp 190 -192°C. 
Solubility of FSA-2 in CDCl^ made the determination of its spectrum 
easier and more informative. NMR spectrum of FSA-2 (Fig. XV) 
further confirmed the presence of the coumarin moiety by the 
appearance of the typical coumarinic doublets at 6.23 and 7.92 (J= 
9.648Hz). The most prominent peak in this spectrum was 6H singlet 
appearing at 3.84 which could be ascribed to two methoxyl groups. 
Another 3H singlet which appeared at 3.96 could similarly be 
attributed 
-I- 3OCH3 
XXXVII 
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> 
X 
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to another methoxyl group. The structure of FSA-2 could thus be 
expanded to (XXXVTT). Assuming the of an oxygen at C-7 of the 
coumarin system, on biogenetic grounds'^-', the above structure could 
be expanded to (XXXVIII). 
°-oa° 30CH3 
xxxvm 
The NMR spectrum (Fig. XV a) further revealed that though 
FSA-2 had a coumarin nucleus, it was not a simple coumarin but 
carried rather unusual substituents. Because of the small number of 
positions available for substitution in coumarin nucleus, one would 
have expected the existence of only a limited number of them, but a 
review of 1978^''lists 502 coumarins while a subsequent one of 1983 
lists another 160 coumarins'^". Availability of limited sites for 
substitution in coumarins appear to have been compensated by 
diversity of substituents. Most prominent among such substituents 
which have been found to effect extensive alkylations at oxygen or 
carbon are unclyclised C ,^ C^ ^ and C^ g units of various isomeric 
forms. These alkylated coumarins get involved in secondary 
processes as well, leading to furano and pyrano-coumarins of various 
kinds. Apart from the unqyclised moities referred to above, cyclised 
mono and sesquiterpenes also have been found to alkylate coumarins. 
Such substituents have tended to increase the population of 
coumarins. 
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A feature common to the type of coumarins alluded to above are 
presence of methyl groups attached to either saturated or unsaturated 
carbons. The NMR spectrum of FS-2 (Fig. XIV) was conspicuous in 
the absence of any signal ascribablc to C-mcthyls and thus ruled out 
the presence of isoprenoidal substituents of any kind. It, however, 
carried signals in excess of what could possibly originate from a 
simple coumarin nucleus, at low as well as highfields. That FS-2 
carried substituents other than methoxyl on the coumarin nucleus 
was made clear by the appearance of aromatic protons totalling to 
three. It was thus reasonable to conclude that the coumarin unit 
carried some such substituents, one of them aromatic, which gave 
rise to signals both in the aromatic and relatively upfield regions. 
The two lowficld signals in FSA-2 appeared as sharp singlets 
at 6.55 and 6.62, the former integrating for one proton and the latter 
for two. These signals indicated strongly, by the lack of ortho 
coupling, that FSA-2 carried no contiguous protons in the aromatic or 
coumarin systems. It was, therefore, imperative to assume that the 
coumarin ring carried atleast two substituents. Another substituent, 
hence, had to be placed at C-6. Also, if FS-2 were assumed to be 
disubstituted, the probability of the second substituent being 
present on C-5 was remote as none of the above signals showed any 
sign of meta coupling. However, the possibility of the location of 
another substituent at C-5 or C-8 could not be discounted 
altogether. This probability was distinct if the coumarin were assumed 
to be tri-substituted, which it was reasonable to do so, as the NMR 
spectrum of FSA-2 carried only one IH singlet. From the close 
resemblance of the UV spectrum of FS-2 (> max 240 and 320 nm) 
with those of other 5,6,7-trioxygenated coumarins, viz. 7-hydroxy-
5,6-dimethoxycoumarin ( }^ max 221 and 330 nm)'^ ^ 5,6,7-
trimethoxycoumarin ( Amax 230 and 320 nm)''^ it could be further 
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inferred that the coumarin moiety was 5,6,7-tri-oxygenated. Hence 
if the IH singlet were assumed to arise out of the coumarin moiety 
it could only be attributed to H-8. Long range coupling between H-
4 and the IH singlet decipherable in the high resolution NMR 
spectrum of FSA-2 (Fig. XVa)made it possible to make this assignment 
with certainty. 
The basic units in FS-2 could thus be expanded to (XXXIX). 
Structural features had to be added to (XXXIX) to account for the rest 
3-CH3 
XXXIX 
of signals present in the NMR spectrum of FSA-2. Most prominent of 
these was the 6H singlet appearing at 3.84 which could be better 
assigned on the basis of chemical shift to aromatic rather than 
aliphatic methoxyls. The 2H aromatic singlet appearing at 6.62 also 
required assignment. These two signals, together, called for the 
presence of an aromatic moiety in FSA-2. In such an unit four 
positions could be accounted for as above, with atleast another 
position being utilised for linking up with the coumarin part. Each of 
the above signals represented a set of protons,the one at 3.84 arising 
out of two methoxyls and the one at 6.62 out of two aromatic protons. 
Both these signals appeared as sharp singlets. This was strongly 
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suggestive of the fact that the protons within each of these sets were 
situated in identical environments. Further, the chemical shift of 
the 2H singlet at 6.62 indicated that they resonated at the higher 
end of the aromatic region. Going by the standard chemical shift of 
7.27 for the protons of benzene and taking into account the deshielding 
caused by oxygen atoms they may carry viz. ~0.5 ppm each^^, it could 
be inferred that this aryl system carried either two or three oxygens. 
Another factor which required settlement before formulating a 
structure for this aryl fragment was the actual number of carbons, 
whether one or two were involved in its attachment to the coumarin 
nucleus. Taking into consideration all the above aspects, especially 
the identical environment of the six protons of the methoxyl groups 
and 2-aryl protons, three possible structures (XL, XLI and XLII) 
emerged for this moiety, two carbons being involved in linkage with 
^ ^ OCH3 
u.o\A CH30 
^^ OCH3 
XLII 
coumarin moiety in case of (XL and XLI) and one carbon in case of 
(XLII). Of these (XL) and (XLI) could be counted out as the 
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structures arising out of their fusion with coumarin moiety, (XLIII/ 
XLIIIa) and (XLIV / XLIVa) respectively, held no further scope to 
accommodate or explain the yet unassigned NMR signals. Hence, 
perforce (XLII) had to be chosen as the structure representative of 
the aryl moiety, R representing an alkyl or a functional group. The 
NMR spectrum (Fig. XIV), as already explained, carried no signals 
characteristic of methyl groups. 
CH3O 
CH3O 
XLIII 
9CH3 
0CH3 
XLllIa 
XLIVa 
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However in the IR (Fig. XIII), FS-2 absorbed strongly 
at 3300 cm-^  indicative of the presence of hydroxy! function/ 
functions. Furthermore, of the two acetate methyl signals appearing 
in the NMR spectrum of FSA-2 the one appearing at 2.36 could arise 
only out of an aromatic acetate. If the aryl moiety were assumed 
to carry ahydroxyl group, the structural elements of FS-2 could be 
expanded to (XLV). Such a formulation could explain not only the 
IR spectra but also the fact that both the methoxyls were situated 
in identical environment as were the two aryl protons. In the NMR 
spectrum both these set of protons could be expected to appear as 
singlets. All the five available positions of the aryl moiety having 
thus been accounted for, the methoxyl group responsible for the 
singlet at 3.96 in the NMR spectrum of FSA-2 had to be located on 
the coumarin nucleus. 
CH3O 
XLV 
Another prominent signal in the NMR spectrum of FSA-2 was 
a neat doublet at 5.01 (J= 7.766Hz), arising out of one proton. This 
signal was too upfield to be considered aromatic. On the other hand 
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it was too downfield to be taken as aliphatic either, unless severe 
deshielding effects were assumed. All the protons of the two postulated 
structura I units (XLV) of FS-2 having been accounted for, the proton 
responsible for this signal, in all probability, should be situated on a 
carbon involved in linking these two units. The surroundings of the 
hydrogen can therefore, be pictured as Ar-CH-0-Ar. A proton 
situated in such an environment being at the same time part of aryl 
ether and benzylic functions could be expected to be deshielded 
additively explaining the observed chemical shift of 5.01. The structure 
of FS-2 could be hence expanded to (XLVI). 
OCH3 
Coumarin 
XLVI 
The signal at 5.01 appeared as a doublet and, therefore, it 
was apparent that this proton was neighboured by one hydrogen, 
intornlin, nocossitntingtho location ofucurbon^Lo the proton giving 
rise to this signal. A, IH multiplet in the NMR spectrum of FSA-2 at 
4.28 reinforced this conclusion. The o))Horvod chomicnl shift suggestod 
6A 
that the proton responsible for this signal, though deshielded, was so 
to a considerably lesser extent in comparison with the methine 
proton appearing at 5.01. The chemical shift of 4.28 could be 
rationalised if it were assumed that the proton responsible for it was 
part of an aryl-alkyl ether function, leading to the structure (XLVII) 
for FS-2. 
OCH3 
Coumarin 
XLVll 
As the above proton appeared as a multiplet it had to be coupled 
to protons other than the methine appearing at 5.01. It was thus 
natural to conclude that this proton was coupled with the protons 
responsbible for the yet unassigned signals in the NMR spectrum 
of FSA-2. These unassigned signals appeared as two IH signals 
around 4.42 and 4.11. These chemical shifts corresponded to that of 
acetylated hydroxymethylene protons attached to an alkyl carbon. 
Further the contour of the 2H methylene signal was also in support 
ofthis assignment. Signals emanating out of these protons appeared 
as a pair of double doublets centred at 4.42 (IH, J^ = 12.1Hz; J^= 
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3.3Hz) and 4.11 (IH, J^= 12.1Hz; J,= 4.3Hz) and not as a doublet, 
indicating them to be non equivalent. This non-equivalence could be 
induced by the asymmetric centre neighbouring this methylene. 
On the evidence cited above, FS-2 could finally be pictured either as 
(XLVIII / XLVIIIa) or (XLIX / XLIXa). 
OCH3 
CH3O Ov/0 
OH 
XLVllI 
0CH3 y ^ 
CH30\,<::vA^ 
H O ^ ^ OCH3 
0CH3 XLVIIIa 
CH3O y 0CH3 
OH 
XLIX XLIXa 
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The above conclusions were verified by decouplinf^ f experiments 
(Fig. XVI). Irradiation of the doublet at 5.01 made the IH quintet at 
4.28 collapse to a quartet having the look of the X-part of an ABX 
system. In the reverse experiment, irradiation at 4.28, expectedly, 
effected both the other signals. The doublet at 5.01 collapsed to a 
singlet and the double doublets at 4.42 and 4.41 to an AB pair of 
doublets. Irradiation of one of the methylene protons at 4.42 affected 
only the methine signal appearing at 4.28 resulting in its simplification 
to a quartet. Results of these decoupling experiments arc tabulated 
below (Table-IV). 
Table-IV 
Irradiated at Effect at 
5.01 4.28 4.42 4.11 
5.01 
4.28 
4.42 
- Qi->Qu N.E. N.E. 
d->s - dd->d dd->d 
N.E. Qi->Qu -
N.E. = No effect; Qi = Quintet; dd= double doublets; 
Qu = Quartet;d=doublet. 
These results pointed explicitly towards the existence of a 4 
spin system in FSA-2, insulated from rest of the 
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molecule. This system could be represented as below. 
II H Ha 
1 1 1 
— C — C — C — Hb 
I I I 
Qi dd dd 
However, structures (XLVIII/XLVIIIa) and (XLIX/XLIXa) could 
not be distinguished on the basis of above data. As can be discerned 
from the structres (XLVIII) and (XLIX), the position of methoxyl 
group in coumarin moiety could be ascertained by resorting to 
Nuclear Overhauser Effect (NOE) studies. If (XLVIII) were the 
correct structure irradiation of the OMe signal at 3.96 should result 
in the enhancement of the intensity of the H-4 signal appearing at 
7.92. On the other hand if (XLIX) were correct, this irradiation 
should effect the H-8 signal appearing at G.SS*^ .^ In NOE studies (Fig. 
XVII) conducted on FSA-2, irradiation of the OMe signal at 3.96 
resulted in the enhancement of the intensity of the H-8 signal at 
6.55 by 26.66%. In the reverse experiment, irradiation of the signal 
at 6.55 enhanced the intensity of the OMe signal at 3.96. Further, 
irradiation of the H-4 signal did not effect the OMe signal while the 
H-3 signal was enhanced by 18.75%. Results of NOE experiments for 
the FSA-2 are tabulated below (Table-V). 
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1^ble-V 
NOE (%)* and chemical shift observed for FSA-2 
Irradiated Observed signals 
signals 
H-3 H-4 H-8 -OMe 
3.96 - - 6.55 
(26.66) 
7.92 6.23 
(18.75) 
6.55 - - - 3.96 
(10.00) 
* Increase in signal intensity are shown in parentheses. 
On the evidence cited above, FS-2 could finally be pictured as (XLIX/ 
XLIXa). 
CH30^^V^OCH3 ^^^3 
OH 
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Final evidence in support of the postulated structures could be 
had from the high resolution mass spectrum of FS-2 in which the 
molecular ion appeared at 416.1107 correspondingto the molecular 
composition of Cg^H^oOg.From the low resolution mass spectrum 
(Fig. XVIII) it was evident that the fragmentation process, and 
hence the fragment ions produced were in total accord with the 
structure proposed for FS-2 (XLIX/XLIXa) and also with the 
fragmentation mode proposed for benzodioxanes''""^Accordingly, 
the most prominent fragmentation process involved was a retro -
Diels-Alder process giving rise to the base peak at m/z 210. The 
neutral molecule arising out of the Cj,-Cg moiety was found to lose 
water and carbon-monoxide variously giving rise to peaks at m/z 192 
and 182 respectively. The molecular ion lost a molecule of water to 
give rise to a meta stable peak at m/z 380.7, corresponding to this 
transition, (3987416 ). One of the characteristic modes of mass 
spectral decomposition of coumarins involve sequential loss of 
carbon monoxide '^^ -^ '^  In this particular case the peak at 208 under 
went two such losses to give rise to peaks at 180 (208-28) and 152(180-
28). It was therefore, necessary to conclude that the coumarin 
moiety was responsible for the peak at 208, thus firmly establishing 
that the coumarin nucleus was trioxygenated and that one of the 
oxygens was part of a methoxyl function"'^ . Another peak of 
diagnostic value was the one which appeared at m/z 167, which could 
only have originated by benzylic cleavage of the aryl group leading to 
a tropylium cation. Formation of this fragment conclusively 
established that the aryl group of the C^ j-C,^  moiety carried one 
hydroxyl and two methoxyl groups. Finally, the cleavage resulting 
in the fragment appearing at m/z 154 could be explained by 
invoking a six membered transition state. The mass spectral data 
thus supported, unambiguously, the structure proposed for FS-2. 
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The fragmentation mode discussed above are depicted in (Scheme-
XVI). 
CH3O Ov^n I 
+• 
CH30 
m/z 192 
CO ^ ^ ' 
m/z 167 
OH 
m/z 208 
m/2 15/, 
[Scheme-XVI] 
7A 
FS-2, thus, finally cxDuld be conducted to be a coumarinolignan'" 
formed by fusion of a C^ ,-C3 unit with a coumarin nucleus. A survey of 
the literature revealed that nine such compounds have been 
reported so far, first of these having been reported in 1980''°. The 
coumarinolignan of known structures are cleomiscosin'''* A(L) 
cleomiscosin B'''*(LI), cleomiscosin C"(LII), cleomiscosin D'"''(LIII), 
propacin''''"'(LIV), daphneticin''''(LV), the one isolated from Jatropha 
glandulifera'^^CLVI), moluccanin^^ (LVII) and aleuritin^'(LVIII). 
Aquillochin the coumarinolignan reported from Aquilaria 
agallocha''" has been found to be identical with cleomiscosin C. 
CH3O 
CH3O 
OCH3 
H O . ^ /OH 
CH3O 
O N ^ O 
OH 
^•^30 v;^^-^0CH-
CH3O 
LII Lin 
75 
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Additionally demethyl moluccanin has been isolated in these 
laboratories and its structure detemiined(LIX)''\ Interestingly, 
moluccanin happens to be the only compound among those reported 
to have a linear mode of fusion. Though priority can be accorded to 
cleomJscocinsAand B ofbeing first coumarinolignans of definite 
structure reported, it might be mentioned that a similar substance 
has earlier been reported from Acer saccharum'^ whose structure 
was arrived at on basis of chemical evidence and biogenatic 
considerations. The identity of this compound with cleomiscosinAor 
B is yet to be established. Similar lignano derivatives have been 
reported in flavone and xanthone series as well. Representatives of 
the former are silybin (LX)'^, its regiomer, iso-silybin''* silychristin 
(LXI)'^ and hydnocarpin (LXII)'''^  and the latter kielcorinCLXIIlf 
LXIII 
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The major problem encountered in the ' tructure elucidation of 
hybrid lignans of mixed biogenetic origin is the determination of 
the orientation of attachment of the C -^C^ moiety to the unit 
concerned. This is demonstrated by the fact that the structure 
initially ascribed to cleomiscosin A had to be revised^'^'"' and that in 
caseofpropacin'^'andaguillochin''" two structures each, representing 
both regiomers, were reported without defining specific 
structures. Also, in some instances structures had been proposed on 
basis of biogenatic speculations.*'"-^ '-^  Such a problem exists in FS-2 as 
well. Though the gross structural features of FS-2 have been accounted 
for, a final choice has to be made between (XLIX) and (XLIX a) as the 
correct structure representative of it. 
This problem of distinguishing between regiomers have been 
tackled by the use of chemical or physical methods. The former, a 
more cumbersome approach, can involve chemical degradation as 
in the case of kielcorin" or synthesis as in the instance of 
propacin''^'^. However, a biomimetic mode of sjmthesis by application 
of which sixteen coumarinolignans have been sjnithesised considerably 
simplified this approach.^^ 
Physical methods used are based on NMR spectroscopy. One of 
these techniques involve the use of the lanthanide shift reagent 
Pr(fod)3«2 though it appears to have been used in case of neolignans 
only. Another approach has been to identify the carbons of the 
coumarin moiety which are linked through oxygen to the benzyl and 
aliphatic methine carbons by measurement of 3J^j^ couplings. 
Accordingly cleomiscosin A which was originally assigned the 
structure (LI), was latter revised to (hr^'"* and the structure (LI) 
was assigned to cleomiscosin B, another coumarinolignan isolated 
from the same Revision of the stry^cture,of cleomiscosin A was a 
s o u r c e >^ , I 'v '•"•>,. 
^o< 
^''^^08l\\ 
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corollary to the fact that signals originallyassignto C-7 and C-8 in the 
'^^ CMR had to be reversed. The basic approach has been to observe the 
change in the pattern of C-7 and C-8 signals in the -^^ CMR on 
irradiation of the 7' and 8' protons. Simplification of the carbon 
signals arose out of nullification of SJ^^ couplings. In case of 
cleomiscosin A H-7' was found to be coupled to C-7 and H-8' to C-8 
whereas in cleomiscosin B similar couplings wore observed bctwoon 
H-7' and C-8 on one hand and H-8' and C-7 on the other hand. 
This approach was slighty modified in another study pertaining 
to cleomiscosin A(L)'''\ In a set of hetero decoupling experiments 
on the substance, Arisawa et al observed that the same carbon signal 
was simplified when the benzylic methine proton H-5 were 
irradiated. This observation led to the conclusion tha t it was the C-
7' which was linked to C-7 through an oxygen bridge. Had the 
situation been reverse, different signals would have been effected. 
Itbocnme.thoroforo.nGcossnry todotormino^'^CMR ofFSA-2 to 
finalise its structure. Assignments of signals had, however, to be 
beyond reproach in order to identify the carbons coupling with the 
protons being irradiated. In routine ^''CMR studies carbon count is 
obtained from proton noise decoupled (broad band decoupled) spectrum 
and carbon multiplicities from off-resonance spectrum. Information 
derived from the splitting pattern is helpful in assigning signals in 
a large number of cases, but more often shift additivity tables 
compiled for different type of compounds have to be referred to 
finalise the assignments. In this particular instance in which the 
molecule is composed of two different types ofunits, use of additivity 
constants alone, whether using simple aromatic systems or coumarins 
as references might have led to confusion. Hence, more refined 
techniques had to be resorted to in order to avoid confusions. 
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Some of the methods available for this purpose are APT (Attached 
Proton Test),**' INEPT (Insensitive Nuclei Enhanced by Polarization 
Transfer),** DEPT (Distortionless Enhancement by Polarization 
Transfer)^ and 2-D (Two dimensional) experiments** '^. 
Apart from the determination of PND and off-resonance decoupled 
spectra the DEPT and 2-D heteronuclear shift correlation experiments 
were also carried out to be sure of the assignments. 
The PND spectrum (Fig. XIX) altogether carried 22 signals 
against 25 carbons present in FSA-2 (Table-VI). 
Table-VI 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Chemical shift Multiplicity 
20.29 
20.53 
56.14 
56.39 
62.47 
75.05 
77.17 
93.05 
103.16 
103.73 
112.09 
128.90 
129.36 
133.14 
137.59 
139.08 
149.65 
152.15 
152.52 
161.13 
168.32 
170.14 
q 
q 
q 
q 
t 
d 
d 
d 
8 
d 
d 
e 
8 
8 
d 
8 
S 
s 
a 
s 
s 
B 
o 
o 
o 
o 
o 
X 
2 X 
OL CT> 
O-LL 
o 
o 
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The table also shows multiplicities of the signals derived from the off-
resonance spectrum (Fig.XX). Signals arising out of the two methoxyl 
carbons located at 3' and 5' could have merged into one as could the 
signals arising out of C-2' and C-6', in parallel with the behaviour in 
the ^HNMR spectrum. Similarly signals arising out of the two non-
protonated carbons C-3' and C-5' also could be expected to merge and 
appear at the same value. The number of signals thus corresponded 
to the number of carbon present. Out of these signals several could 
be assigned unambiguously on the basis of chemical intuition, 
multiplicities and use of additivity constants. Such assignments 
which could be made at this stage are shown in (Table-VII). 
T^ble-VII 
Chemical shift Multiplicity Assignment 
161.13 
112.09 
137.59 
93.05 
103.16 
133.14 
103.73 
152.52 
77.17 
75.05 
62.47 
56.39 
56.14 
20.29 
20.53 
s 
d 
d 
d 
s 
8 
d 
s 
d 
d 
t 
q 
q 
q 
q 
c-2 
c-3 
C-4 
C-8 
c-io 
c-r 
C-2',C-6' 
C-3',C-5' 
C-7' 
C-8' 
C-9' 
-OMe 
2x-OMe 
U-CO-Me 
O-CO-Me 
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The above assignment were corroborated by DEPT 
experiments."'' The pulse sequence used for these experiments 
was as follows, where the delays X have the value 1/2J. In DEPT 
experiments, flip angle of the Oy pulse is governed by the multiplicities 
of carbons. When this experiment was carried out with 0 = 90° 
m 90° -T-i8o° -t. e°y-'r-
13/ 90° 180° acquire FID 
expectedly signals of only methinic carbons (CH) appeared in the 
spectrum (Fig.XXI).In this spectrum only six signals were apparent 
of which the one appearing at 103.73 ppm could be assigned to C-2' 
and C-6'. When the experiment were carried out with 0 as 135° all the 
carbons other than quaternary appeared in the spectrum and it 
further differed from the PND spectrum in that the methylenic (CH.,) 
carbon signals appeared in the negative phase (Fig.XXII). The 
signal appearing at 62.47 could thus the be straightaway assigned 
to C-9'. 
Rest of the signals were assigned with the help of l\vo Dimensional 
Heteronuclear Shift Correlation Experiments^""''. The pulse 
sequence used for the generation of heteronuclear correlated 2D-
NMR spectra is depicted below: 
84 
siT'tor 
TTvrr 
O 
O 
X 
-§ S -
- CL Li-
O 
O 
o 
85 
v'r<' 
¥lf 
Tr>r 
es'coi 
•»7VtT" 
O 
o 
r - CL LL. 
X 
X 
cn 
O 
O 
O 
86 
Preparation "EvoTulion" 
90° 
^H 
\ 
r-U 
180° 
Mixing time! Detection 
I 
90° 
DECOUPLTNG 
I 
90° 
A7I \ FID 
The iJ ,^ jj spectrum (Fig.XXIII) was helpful in specifically assigning 
the acetate methyl carbons, methoxyl carbons and confirmation of 
the assignments made to C-2' and C-6'. The protons of aliphatic 
acetate group resonated at 2.06 and the corresponding carbon signal 
was detected to be the one at 20.53. Similarly the aromatic acetate 
methyl carbon was found to generate a signal at 20.29 . Out of three 
methoxyl carbons, the two equivalent ones were found to generate a 
signal at 56.14 and the other methoxyl at 56.39. Further confirmation 
also could be had from this experiment of correctness of assignment 
of the signal appearing at 103.73 to C-2' and C-6'. 
The 2-D correlation spectrum involving long distance "J^ , ^ 
coupling (Fig.XXIV) provided information which were helpful in 
assigning signal to C-6, C-7, C-9 and the acetate carbonyl carbons. 
H-8 which appeared at 6.55 was found to be involved in longdistance 
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coupling to the carbon responsible for the signal at 128.90. This 
signal, therefore, ought to arise out of C-6. Coupling of lower 
magnitude could be detected between this hydrogen and carbon 
responsible for the signal appearing at 149.65. As '-^ J^ , ,j values are 
considrably less than 'J ,^ „ values this signal could bo assigned to 
C-9. Simiku' coiTol<\lioi\ could bu diHcornod bot.woon n\ulhuxyi 
protons appearing at 3.96 and carbon signal appearing at 152.15 
making it possible to assign the later signal to C-7. Such correlations 
made it possible to assign the signal appearing at 129.36 to C-4' 
and lowfield signals at 170.14 to the aliphatic and 168.32 to aromatic 
acetate carbonyl carbons. Apart from the above, confirmation of 
the assignments already made also could be had from the spectra. 
The signal appearing at 139.08 which correlates with the H-4 signal 
(7.92) could now be assigned toC-5. Assignments of the '"'C signals wereborne 
out by details of long range coupling extractable from the non-decoupled 
CMR spectrum (Fig. XXV). Multiplicities and splitting constants deriv ed 
from the spectrum are given in (Table-VIII). 
Once foolproof assignments of signals in the •^' CMR spectrum were 
made, the next objective was to choose the correct structure , between (LIX) 
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Table-VIII 
Chemical shift 
161.13 
152.52 
152.15 
149.65 
139.08 
137.59 
133.14 
129.36 
128.90 
112.09 
103.73 
103.16 
93.05 
77.17 
75.05 
62.47 
56.39 
56.14 
Multiplicity 
dd,J=10&41lz 
brs 
brt, J=4Hz 
t, J=61Iz 
d, J=5IIz 
d, J=167.5Hz 
bra 
brt, J=7.5Hz 
brd,J=7.5nz 
d, J=172.5Hz 
Assignment 
dddd,J=157.5,8,5Hz 
dd, J=8 & 5Hz 
d,J=165Hz 
brd,J=155Hz 
t, J= 157.5IIZ 
t,J=157.5Hz 
q,J=145Hz 
q, J=145Hz 
C-2 
C-3' & C-5' 
C-7 
C-9 
C-5 
C-4 
C-1' 
C-4' 
C-6 
C-3 
C-2' & C-6' 
C-10 
C-8 
C-7' 
C-8' 
C-9' 
-OMe-7 
-OMe-3' & -OMe-5' 
br = broad; d= doublet; dd= double doublets; dddd= double doublets 
of double doublets, s= singlet; t = triplet; q =quartet. 
The longdistance "J^ .^ ^ 2-Dcorrelationspectiiimprovedhelpfulinthis 
regard. Though no''Jj.j^ interaction was registered between signals H-7'(5.01) 
and H-8' (4.28) with those of C-6 (139.08) and C-7 (128.9). "J^ ^^  interaction 
could be deciphered between one of the C-9'protons appearing at 4.11 and C-
7 appearing at 128.9. FS-2, therefore should have the structure (XLIX). 
XLIX 
CH3O ^Y^ 0CH3 
OH 
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The hydrogen on C-8' is responsible for the splitting of the H-7' 
signal into a doublet with a coupling constant of 7.76Hz.This value 
pointed towards a trans disposition of these two hydrogens and as 
a corollary to the trans disposition of the phenyl ring on C-7' and 
the hydrojcy methyl gi'oup on C-8'. FS-2 can thus finally be represented 
as (LXIV). 
CH3O 
CH-jO 
Structure of FS-2 was presented at 17th lUPAC International 
Symposium on the Chemistry of Natural Products'"* under the trivial 
name flacourtin. However it transpires that this name has already 
been assigned at a glycoside isolated from Flacourtia indica^°. Hence 
it is proposed to call FS-2 iso-aleuritin as it happens to be the 
regioisomer of aleuritin'*'(LVIII). 
It is worthwhile mentioning that Arnoldi et al''-^  have proposed 
a diagnostic method to distinguish between regiomers based on 
chemical shift correlation in ^^ CMR spectra. This method, however, 
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suffers from the limitation that both regiomers should be available. 
No positive conclusion could be arrived at on comparison of ^^CMR 
data of aleuritin and iso-aleuritin. The expected difference in chemical 
shifts being very small, in all likelihood, experimental parameters 
employed in the determination has an important role to play, and 
therefore this method is of limited applicability. 
The most successful and fool proof of all the methods reported 
so far to identify the regiomer utilises selective INEPT technique in 
an elegant manner^^ Success of this method is borne out by the fact 
that regiomeric structures have been unambiguously assigned 
to sixteen coumarinolignans"\ Lack of access to instrumental 
facility, however, made it impossible to apply this technique to iso-
aleuritin. 
From the chemotaxonomic point of view, on the basis of available 
data, no classification appears possible as coumarinolignans 
isolated, though relatively small in number, have been found to 
occur in a broad range of families. Also, the cleomiscosins have been 
isolated from more than one family, viz. Capparidaceae, 
Simaroubaceae, Th5nTielaceae, Aceraceae, Hippocastanaceae and 
Sapindaceae. Apart from the cleomiscosins, one coumarinolignan has 
been isolated from Burseraceae, one from Thymelaceae, four from 
Euphorbiaceae, and one from Flaocourtiaceae. 
Biogenesis ofcoumarinolignanscanbe elaborated on the basis 
of the well charted route of oxidative coupling of radicals^^-^^ in this 
instance formed from p-hydroxystyryl and coumarin systems 
by one-electron oxidation process. The genesis of iso-aleuritin would 
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thus involve coupling of 5,6,7-trioxygenated coumarin and 
syringenin (Scheme-XVII). 
CH^0v:^"N-0CH3 r^r^O^^^^^^S^OCH^ 
H ^ 0 
CH. 
[ 0 ] 
0^.0 
CH2OH 
^ 
CH2OH 
CHoO 
[0] 
OCH 3 RO 
CH2OH 
0^.0 
[Scheme-XVII] CH30 
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FS-4 
It was eluted from the column with benzene-ethyl acetate 
(90:10) and aystallised from methanol, mp 182°C, It was characterised 
as a coumarin on the basis of spectral data, viz. UV (>max 220 and 
320nm), IR (1690cm0 and NMR 6.30 and 7.98 
(IH each, d, J= 9.5Hz). The NMR spectrum further revealed the 
presence of two methoxy groups (3.92, 3.94 3H each, s ) and an 
aromatic proton (6.66 IH, s.). Formulation of FS-4 as a 5,7-
dimethoxy-6-hydroxycoumarin derived further support from the 
mass spectrum in which the M* appeared at 222 (Cj^ Hj^ O^^ )^. A survey 
of the literature'-^ indicated FS-4 to be identical with 5,7-
dimethoxy-6-hydroxycoumarin"''(LXV). 
CH30 
LXV 
Flacourtia sepiaria was extracted with petroleum-ether (60-
80°) prior to its extraction with methanol. The concentrated 
petroleum ether extract on chromatography on silica gel yielded two 
compounds namely FS-1 and FS-3. 
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FS-l 
The concentrated petrol extract was chromatographed on a 
column of silica gel. Elution with petrol-benzene (40:60) yielded 
colourless shining needles on crystallization from methanol, mp 
75°C. It was characterised as a coumarin on the basis of spectral data, 
viz.UV(;|max230and 320nm),IR (1735cm-i)andNMR6.26and7.94( 
d, IH each, J= 9Hz). The NMR spectrum further revealed the 
presence of three methoxyl groups (3.86, 3.92 and 4.08 s, 3H each) 
and an aromatic proton (6.66 s, IH ). Formulation of FS-l as a 
trimethoxycoumarin derived further support from the mass spectrum 
in which theM* appeared at 236 (Cj.^ H,^ 0^ )^. Asurvey of the literature 
indicated FS-l to be identical with 5,6,7-
trimethoxycoumarin''^'^''(LXVI). 
CH3O' 
FS-3 
FS-3 which was eluted from the column with benzene and 
crystallised from methanol, mp 135°C was identified as (S-sitosterol 
on comparison with an authentic sample (mp, mmp, IR, NMR and 
mass). 
'EX'FEIiM'EOtl^Mj 
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EXPERIMENTAL 
General Experimental Procedure 
Melting points were determined on a Kofler block and are un-
corrected. UV spectra were recorded in MeOH on a Unicam PU800 
spectrophotometer and IR spectra in KBr/Nujol on a PYE- Unicam 
SP3-100 spectrophotometer. ^HNMR were determined variously on 
Varian A6OD(60 MHz), Varian X-100, Joel FX-lOO (100 MHz), 
Brucker 300 and 400 instruments using TMS as internal standard, 
in CDCl,, DMSO-dg or C,D,N. ^^ C^NMR, 2DNMR and acurate mass 
spectra were provided by Prof. Ourison,G.,Universite Louis Pasteur 
de Strasbourg, France. Mass spectra were recorded on a Joel D300 
spectrometer. Chemical shifts are recorded in & values relative to 
TMS assigned at zero. 
Column chromatography was carried over BDH silica gel (60-
120 mesh) and TLCoversilica gel CT^ ,^(K. Morck). lodin(\ phoapho-
molybdic acid or alcoholic ferric chloride were used for visualization 
of TLC plate. 
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Synthesis of 4-phenylcoumarins 
General experimental procedure 
To a mixture of equimolar quantities of phenylpropiolic aci ((pPA 
phenol and thallium triacetate(TTA) was added in a sufficient 
quantity (q.s.) of polyphosphoric acid (PPA) and the paste obtained 
on mixing the contents heated on a water bath for one hour. The 
mixture was then diluted with methanol(MeOH) and refluxed for 
one hour. Crushed ice was added to the cooled mixture and the 
precipitate formed filtered and dissolved in ether. This solution was 
washed with aqueous sodium bicarbonate(NaHCO.^), and dried 
over anhydrous sodium sulphate(Na,^SO^). The product was isolated 
on removal of ether and crystallised to yield 4-phenylcoumarin. 
7-hydroxy-4-phenylcouniarin (VII) 
Reactants:^PA(1.46 g, 0.01 M), resorcinol (1.10 g, 0.01 M), 
PPA(q.s.), TTA (4.08 g, 0.01 M) and MeOH(q.s.) as a solvent, time 2 
hrs, crystallised from petrol-ethyl acetate, mp 240°C, yield 85%. 
IR(KBr) Omax : 3150 and! 685cm-i 
'HNMR(CDCl3+DMS0-dJ : 6.07(1 II, s, H-3); 
6.70(1H, dd, J= 2.5 & SHz, H-6); 
6.81(lH,d,J=2.5Hz,H-8); 
7.26(lH,d, J=8Hz, H-5); 
and 7.5(5H, brs, H-2', H-3', H-4' 
H-5', H-6'). 
Acetate of (VII) 
VII (50 mg) was dissolved in pyridine (1ml) and acetic anhy-
dride (1ml) added to it. The mixture was kept over night and 
the product isolated by addition to cold water followed by filtra-
tion. It was crystallised from methanol, mp 12^°C. 
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IR (KBr) "\) max : 1730 and 1765cm-i 
'HNMR (CDCI3) : 2.33(3H, s, -OAc); 6.37(1 H, s, H-3); 7.01(1 H, 
dd. J= 2.5 & 8Hz, H-6); 7.24(1 H,d, J=2.5Hz, 
H-8);7.53(llI,d, J=8Hz,H-5);7.52(5H,brs, 
H-2',Il-3',ll-4',n-5',lI-rV). 
Methyl e ther of (VII) 
VII (50mg), dry acetone (10ml),anhydrous potassium 
carbonate(0.3g) and methyliodide were refluxed under anhy-
drous conditions for 12 hours on a water bath. The solid was 
filtered off and the residue obtained on removal of solvent crystal-
lised from methanol, mp 111°C. 
•HNMR (CDCI3) : 3.83(3H,s,- OMe); 
6.18(lH,s,H-3);6.75(lH,dd,J=2.5&8Hz,H-6); 
6.83(lH,d,J=2.5Hz,H-8); 
7.33(111,d,J=8Hz,11-5); 
7.45(5H,s,H-2',H-3',H-4',H-5',H-6'). 
5,7-dihydroxy-4-phenylcoumarin(X) 
Reactants: <g?k (1.46g, 0.01 M), phloroglucinol (1.62g, 
O.OIM), PPA(q.s.), TTA (4.08g, 0.01 M), and MeOH(q.s) as a sol-
vent, time 2 hours, crystallised from petrol-ethyl acetate mp 
232°C yield 75%. 
IR (KBr) \ max : 3150, and 1685cm-i 
'HNMR(DMSO-d^) : 5.76 (1H, _s, H-3); 
6.23,6.33(1 H each,d, J=2.5Hz, H-8,H-6); 
7.33(511, ^, ll-2",ll-3'll-4',ll-5',ll-6'). 
Acetate of (X) 
X (50 mg) was dissolved in pyridine and acetic 
anhydride(lml) added to it. The mixture was kept over night and 
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the product isolated by addition to cold water followed by filtration 
It was crystallised from methanol,mp 181°C. 
IR(KBr) )^ max : 1740, and 1765cm-> 
'HNMR (CDCI3) : 1.30, 2.3(3H each, s, 2-0Ac at C-5 & C-7); 
6.2(111, s, 11-3); ().7(), 7.1(111 each, d, J= 
2.5117, 11-8,11-6); 7.4(511,111,11-2', 11-3', 11-4' 
11-5'11-6'). 
Methyl e ther of (X) 
X (50 mg), dry acetone (10 ml), anhydrous potassium car-
bonate (0.3g) and methyliodide were refluxed under anhydrous 
condition for 12 hours on a waterbath The solid was filtered off 
and the residue left after removal of solvent was crystallised 
from methenol, mp 172°C. 
^HNMR(CDC]3): 3.4,3.84(3Heach,s,2-OMe,atC-5&C-7); 6.0(1H, 
s, H- 3); 6.23, 6.53(1H each, d,J = 2.5Hz, H-8, H-
6);7.3(5H, brs, H- 2', H-3',H-4,' H-5', H-6'). 
5-inethyl-7-hydroxy-4-phenylcouinarin (XIII) 
Reactants :^PA(1.46g, 0.01 M), orcinol(1.24g, 0.01 M), PPA(q.s.), 
TTA(4.08g, 0.01 M), and MeOH(q.s.) as a solvent, time 2 hrs, 
crystallised from petrol-ethyl acetate, mp 226°C, yield 60%. 
IR (KBr) '\) max : 3150 and 1680 cm 
'HNMR(CDCl3+DMS0-dJ : 1.70(311, s, -Me); 
5.86(1 H, s, H-3); 
6.48, 6.61 (IH each, d, J = 2.5Hz, 
H-8, H-6); 7.33(5H, m, 
11-2', 11-3', 11-4', ll-S',il-6'). 
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Acetate of (XIII) 
XIII (50 mg) was dissolved in pyridine (1 ml) and acetic an-
hydide (1 ml) added to it. The mixture was kept over night and the 
product isolated by addition to cold water followed by filtration. It 
was crystallised from methanol, mp 158°C. 
IR(KBr) ^ max : 1730, and 1765cm-' 
'HNMR(CDCl3 : 1.80(311, s,-Me); 
2.28(3H, s, -OAc); 
6.2(lH,s, H-3);6.80, 
7.1(1 H each, d, J = 2.5Hz, H-8, H-6); 
7.43(5H, m, H-2', H-3', H-4', H-5', H-6'). 
Methyl e ther of (XIII) 
XIII (50 mg), dry acetone (10 ml), anhydrous potassium car-
bonate (0.3g.) and methyliodide were refluxed under anhydrous 
conditions for 12 hours on a waterbath, the solid filtered off and 
the residue obtained on removal of solvent crystallised from 
methanol, mp 128''C. 
'HNMR(CDCl3) : 1.76(3H, s, -Me); 3.8(3H,s,-OMe); 
6.07(1H, s, II-3); 6.6, 6.78(111 each, d, J = 2.5Hz, 
H-8, H-6); 7.36(5H, m, H-2', H-3', H-4', H-5', H-6'). 
6,7-dimethyl-4-phenylcouitiariii (XVTTT) 
Reactants: ^PA(1.46g, 0.01 M), 3,4-dimethylphenol (1.22g, 
0.01 M),PPA(q.s),TTA(4.08g, 0.01 M), and MeOH(q.s) as a solvent, 
time 2 hrs, crystallised from petrol-benzene, mp 148°c, yield 45%. 
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IR(KBr) ^) max : IVlOcm' 
'HNMRCCDCy : 2.25, 2.35(3H each, s, 2-Me); 6.31(111, 
s, H-3); 7.22(1 H,s,H-8); 7.30(lH,s,H-
5); 7.52 (511, s,l 1-2', 11-3', 11-4', 11-5', 
and 11-6'). 
6-hexyl-7-hdroxy-4-phenylcouniarin(XIX) 
Reactants:$I^PA(1.46g, 0.01 M), 4-hexylresorcmol(1.94g, 0.01 
M), PPA(q.s), TTA(4.08g, 0.01 M), and MeOH(q.s.) as a solvent,time 
2 hrs , crystallised with petrol-ethyl acetate, mp 192°C, yield 60%. 
IR(KBr)V max : 3200 and 1710 cm' 
•HNMR(CDCl3) : 0.88(311, t,-Me); 
1.35(8H, br, -CH,); 2.6(2H, t, J=8Hz,Ar-
CH2);6.07(1H, S,*'H-3); 6.90, 7.1 (lHeach,s, 
H-8, H-5); 7.46(5H, s, H-2', H-3', H-4', H-5', 
and H-6'). 
Acetate of(XIX) 
XIX (50 mg) was dissolved in pyridine (1 ml) and acetic anhy-
dride (1 ml) added to it. The mixture was kept overnight and 
the product isolated by addition to cold water followed by filtra-
tion. It was crystallised from methanol, mp 152°C. 
IR(KBr) ^ max : 1735 and 1770cm'. 
'lINMR(CDa3) : 0.9(311, t,-Me); 
1.35(811, br,-Cn,); 
2.36(2H, m, Ar-CH^); 2.4(3H, s, -OAc); 
6.26(1 H,s, H-3); 7.11,7.30 (lHeach,s, 
I IS, 11-5); 7.5(511, s,! 1-2'11-3, il-4', 11-
5', H-6',). 
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Angelica glauca Edgw 
The roots of Angelica glauca (4 kg) were collected from Srinagar. 
Root pieces were air dried under shade and powdered. The powder 
material was exhaustively extracted with petrol and acetone. The 
acetone extract was concentrated to a gummy mass and 
chromatographed on a column of silica gel, and eluted with benzene 
and ethyl acetate in different proportions in order of increasing 
polarity. Repeatedcolumnchromatography of the fractions resulted 
in the separation of following compounds. 
AG-I 
Eluates from the column with benzene-ethyl acetate (90:10) 
and crystallised from petrol-acetone as a white solid mp 124-125°C, 
C^^ H^^ O^CM- m/z 338). 
UV(MeOH) A max : 225, 250, 259, 309 nm 
IR (KBr) S) max : 1720,1590, and 1360cm-i 
'HNMR (CDCl3+DMSO-d )^ : 0.92(6H, s, -C (Me)^ ); 
1.4(2H,cld, II-6");1.7(3H,bi:s, 11-3"); 
1.83(2H, brs, H-4"); 2.26(2H, brm, H-7"); 
4.90(211, s, I I-l"); 6.21 (111, d, J=9.5Hz,H-3); 
6.9(lH,d,J=2Hz,H-2'); 7.11(111, bis, 
W,^ 2=2Hz, H-8); 7.66(1H, d, J=2Hz, H-3'); 
8.03(lII,d, J=9.5Hz, 11-4). 
AG-II 
It was eluted from the column with benzene-ethyl acetate 
(80:20) and crytallised from benzene-acetone as a white crystalline 
solid mp 131- 132°C, Cj^ H .^O^ (M^ m/z 304). 
UV(MeOH) /max : 222, 249, 258, 268, 31 Onm 
IR(KBr) ^ max : 3495, 1710, 1625, 1580 nnd I 147cm-' 
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'HNMR (DMSO-d,) :1.08(3H, s, Me-5"); 1.15 (3H, s, CH3-
5");3.61(ni,d dd, J= 8.2, 5.7, & 
2.3Hz,H-3"); 4.25(1 H,dd, 
J=9.9 & 8.2Hz, H-1"); 4.72(111, dd, J=9.9 <fe 
2.3IIz,Il-2");5.18(lH,d,J=5.711z,-OH);6.32 
(111, d,J= 9.8Hz, n-3); 7.29(111, d,J=2.2nz, 
H-3'); 7.32(IH,s, H-8); 7.99(1 H,d, J = 2.2Hz, 
H-2'); 8.36 (IH, dd, J=9.8Hz, H-4). 
'^CNMR (DMSO-dJ : 161.72 (C-2), 112.26(C-3), 140.87(C 
4), 149.42(C-5), 113.94(C-6), 157.99 
(C-7), 93.73 (C-8), 107.05 (C-4a), 
152.24 (C-8a), 146.22(C-2') 105.70 (C-3'), 
71.67 (C-1") 76.77 (C-2"), 
74.32 (C-3") 24.70 (C-4"), 27.30 (C-5"). 
AG-III 
It was eluted from column with benzene- ethyl acetate(80:20) and 
crystallised from acetone as a white solid, mn 141-142"C, C H O (M* m/z 
346). 
UV (MeOH) ) \ max :220, 250, 258, 268, and 310 nm 
IR (KBr) >) max : 3550, 1740, 1720 and 1250cm ' 
'HNMR(CCg : 1.30(311, s, Me-5"); 1.40(3H, 
s, Me-5"); 1.92(3H, s,-OAc-3"); 
4.60(1 H, dd, J= 8 & 10.5Hz, H-2"); 
4.95(111, del, J= 3 & 10.5117., H-2"); 
5.55(1 H, dd, J= 3 & 8Hz, H-3'); 6.03(1 H, d, 
J=9.5n2, II-3); 7.03(lH,s,II-8);7.36(lll, 
d, J= 2.2Hz, H-3');7.58(] H, d, J =2.2Hz, H-2'); 
8.05(111,(1, ,1=9.511/, I l-l). 
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'^CNMR (CDCI3) : 161.24(C-2), 112.47(C-3), 13<).51(C-4), 
148.45 (C -^5), 113.0 ((^6), 158.09 (C-7)/)3.95 
(C-8), l()7.()(C-4a), 152.45(C-8a), 145.()4(C-
2'),H)4.89(C-3'), 71.30(C-1"), 77.15 (C-2"), 
75.57 (C-3"), 25.24 (C-4"), 26.92 (C-5"), 
167.36(0-C-CH3) & 2{).52(-0-C-C\\^). 
Mass (rcl.int.) : ni//346 (M',5), 202(20), 201(5), 186(5), 
185(25), 85(100), 59(45). 
Acetate of (XXXII) 
XXXII (AG-II) 50mg was dissolved in pyridine (1ml) and acetic and 
anhydride(lml)added to it.The mixture was kept overnight and this product 
i.solatedby addition to cold water followed by fiMration. It was crystallised from 
methanol. Found identical with the AG-lII (mp, mmp, Co-TLC, IR, NMR). 
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Flacourtia sepiaria 
Stem wood (5Kg) of Flacourtia sepiaria (Flacoiirtiaceae) 
collected from the campus of the FRI, DehraDun, was cut into small 
pieces and defatted four times by refluxing with petroleum ether (60-
80°). The plant material was then spread out, dried free of solvent 
and then extracted repeatedly by refluxing with methanol. The 
extracts were combined and concentrated by distillation. TLC 
examination of the concentrated mollianolic extract revealed it to 
be a mixture, and hence, it was chromatographed on column of 
silica gel. 
Chromatography of the methanolic extract 
The concentrated methanolic extract was absorbed on silica 
gel and the slurry dried by spreading it out. The powder so obtained 
was deposited on a column of silica gel and the column eluted with 
benzene containing increasing quantity of ethyl acetate. Fractions 
collected were monitored by TLC [silica gel, MeOH-CHCl,^; (1:19) 
visualized with iodine] appropriate fractions were combined. 
FS-2 
Fractions number 10-15, eluted with benzene-ethyl acetate 
(3:2), when examined [silica gel, MeOH-CHClg (1:19) visualized by 
blue fluorescence in UV light] were found to contain the same 
component. These fractions were combined and the solvent distilled 
off. The residue obtained as a solid was crystallized from methanol 
to give crystals mp 250-252°C. 
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U V (MeOH) y^  max : 240 and 320nm 
IR (KBr) S) max : 3300, 1720, 1620 & UeOcm-^ 
^HNMR(60MHz)DMSO-dg: 3.93(6H, s, 2-OMe); 3.95(3H, s, -OMe); 
5.02(lH,d, J=7Hz, H-T); 
6.25(lH,d, J=9.5Hz, H-3); 
6.66(1H, s, H-8); 6.72(2H, s, H-2' & H-6'); 
7.96(lH,d, J=9.6Hz, H-4). 
Mass (high resolution) : m/z 416.1107(M*) calculated for 
Mass (low resolution) 
C, ,H,A, = 416.1107 
m/z416(M^),398, 210, 208,182, 
167, 154. 
Acetate ofFS'2 
FS-2 was dissolved in (1ml) of pyridine to which was added 
(1ml) of freshly distilled acetic anhydride. This mixture was kept 
overnight and then heated on a waterbath for half an hour. The 
mixture was then cooled and the substance precipitated by pouring 
the solution on crushed ice. The solid was isolated by filtration, 
washed free of pyridine and dried. The powder obtained was 
crystallized from methanol to give shining needles mp 190-192°C. 
^HNMR(200MHz)CDCL : 2.06(3H, s, -OAc); 
2.36(31-1, s, -OAc); 
3.84(6H, s, 2-OMe); 
3.96(3H, s, -OMe); 
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4.11(1H, dd, J^=12.1& 
J^= 4.30Hz, H-9'); 
4.28(1H, m, H-8'); 
4.42(1H, dd, J^=12.1 & J^= 3.30Hz, H-9'); 
5.01(1H, d,J=7.76Hz, 
H-7'); 6.23(1H,(1, J=9.6/18H/. H-3); 
6.55(1H,8, H-8); 
6.62(2H,s, H-2' & H-6'); 
7.92(1H, d, J=9.648, H-4). 
"CMRCCDClg) : 20.29(-OAc); 20.53(-OAc); 56.14(2-OMe); 
56.39(-OMe); 62.47(C-9'); 75.05(C-8'); 
77.17(C-7'); 93.05(C-8); 103.16(C-10); 
103.73(C-2'&C-6'); 112.09 (C-3); 128.90(C-6); 
129.36(C-4'); 133.14(C-1'); 137.59(C-4); 139.08(C-
5); 149.65(C-9); 
152.15(C-7'); 152.52(C-3' & C-5'); 
161.13(CO); 168.32(CO); 170.14(CO). 
DEPT Experiments 
Two DEPT experiments were performed on Brucker 200 using 
polarization transfer pulses 90° and 135°, respectively, obtaining 
in the former case only CH groups and in the latter case positive 
signal for CH and CH3 and negative ones for CH.^  groups. 
DEPT 90 C CH : 75.24, 77.35, 93.25, 103.88, 
112.32, 116.62, 137.76. 
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DEPT 135 C J Pair Neg. : J Impair Pos. 
Positive signals : 20.46, 20.75, 56.31, 56.56, 
75.24, 77.35, 93.25, 103.88, 
112.32, 116.64, 137.76. 
Negative signal : 62.64. 
Non-decoupled spectrum (CDCI3): 56.14(-OMe,q, J=145Hz); 
56.39(-OMe, q, J=145Hz); 
62.47(C-9', t, J=157.5Hz); 
75.05(C-8*,brd,J=155Hz); 
77.17(C-7*,brd, J=155Hz); 
93.05(C-8,d, J=165Hz); 
103.14(C-10, dd,J^=:8Hz, 
J.^=5Hz); 103.73(C-2' & C-6', 
dddd,J^= 157.5Hz, 
J2=8Hz & J3=5Hz); 112.09 
(C-3, d, J=172.5Hz); 128.90(C-6, 
d, J=7.5Hz); 129.36(C-4', t, 
J=7.5Hz); 133.14(C-l',brs); 137.59 
(C-4, d, J=167.5Iiz); 139.08(C-5, 
d, J=5Hz); 149.65(C-9, t, 
J=6Hz); 152.15(C-7, t, J=4Hz); 
152.52(C-3'& C-5',brs); 161.13(C-
2, dd,J^=10&J,= 4Hz). 
Mass : m/z 500(M^), 458, 398, 251, 210, 181 and 167. 
Ill 
Chromatography of the petroleum ether extract 
The concentrated petroleum ether extract was 
chromatographed on a column of silica gel and the column eluted 
with petroleum ether, benzene, and ethyl acetate and their mixtures 
in the appropriate sequence. 
FS-1 
Elution of the colunm with petrol-benzene (40:60) afforded 
FS-1. It was crystallised from benzene as colourless shining 
needles, mp 75°C. 
UV (MeOH) A max : 230 and 320 nm 
IR (KBr) ^)max : 1735 and IGlOcm-^ 
iRNMRCCDCip 3.86, 3.92, 4.08(3H each, s, 
3-OMe); 6.26(1H, d, J= 9Hz, H-3); 
6.66(1H, s, H-8); 7.94 (IH, d, 
J=9Hz, H-4). 
FS-4 
It was eluted from the column with benzene-ethyl acetate 
(90:10) and crystallised from methanol, mp 182°C. 
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UV (MeOH)/\ max : 220 and 320 nm 
IR (KBrWmax : 1690 and 1610 cm"^  
^HNMRCCDClg) 3.92, 3.94(3H each, s, 2-OMe); 
6.30 (IH, d, J= 9.5Hz, H-3); 
6.66(1H, s, H-8); 
7.98(1H, d,J=9.5Hz, H-4). 
'BI'SLIOg^KR^Pf^^ 
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